Background: Due to the symptoms and the sleep disturbances it causes, Restless Legs Syndrome (RLS) has a negative impact on quality of life. Measurement of such impact can be performed by means of questionnaires, such as the Kohnen Restless Legs Syndrome-Quality of Life questionnaire (KRLS-QoL), a specific 12-item instrument that is self-applied by patients. The present study is aimed at performing a first formal validation study of this instrument. Methods: Eight hundred ninety-one patients were included for analysis. RLS severity was assessed by the International Restless Legs Scale (IRLS), Restless Legs Syndrome-6 scales (RLS-6), and Clinical Global Impression of Severity. In addition the Epworth Sleepiness Scale (ESS) was assessed. Acceptability, dimensionality, scaling assumptions, reliability, precision, hypotheses-related validity, and responsiveness were tested. Results: There were missing data in 3.58% patients. Floor and ceiling effects were low for the subscales, global evaluation, and summary index derived from items 1 to 11 after checking that scaling assumptions were met. Exploratory parallel factor analysis showed that the KRLS-QoL may be deemed unidimensional, ie, that all components of the scale are part of one overall general quality of life factor. Indexes of internal consistency (alpha = 0.88), item-total correlation (rS = 0.32-0.71), item homogeneity coefficient (0.41), and scale stability (ICC = 0.73) demonstrated a satisfactory reliability of the KRLSQoL. Moderate or high correlations were obtained between KRLS-QoL scores and the IRLS, some components of the RLS-6, inter-KRLS-QoL domains, and global evaluations. Known-groups validity for severity levels grouping and responsiveness analysis results were satisfactory, the latter showing higher magnitudes of response for treated than for placebo arms. Conclusions: The KRLS-QoL was proven an acceptable, reliable, valid, and responsive measure to assess the impact of the RLS on quality of life.
Introduction
The Kohnen Restless Legs Syndrome-Quality of Life questionnaire (KRLS-QoL) is a specific measure for assessment of QoL in patients with RLS [1] (Table 1 ). The validation study for the questionnaire has only previously been published in abstract form [2] . Our study reports its full validation.
The preliminary version of the KRLS_QoL was a 14-item scale derived from a survey on 721 German patients from self-help groups. Patients reported openly on consequences of their RLS and the reports were qualitatively analysed to obtain the core information for establishing the KQoL-RLS dimensions. A pilot application to 69 RLS patients followed and, subsequently, 12 items were finally selected for the definitive version [1] . The KRLS-QoL is a 12-item self-assessment with questions about physical, mental, social, and functional impact of RLS, as well as coping behavior. The responses range from zero (no impairment at all) to 5 (extreme impairment). Items one to four are focused on "Effects of RLS symptoms"; items 5 and 6 on "Disturbed sleep and its effects"; items 7 and 8 refer to "Effects of other features"; and items nine to eleven compose a "Your way of handling the RLS symptoms" domain. The item 12 summarizes the perceived impact of the RLS on the quality of life as a whole. The time frame is "the last 4 weeks". To the purpose of the present validation study, a composite score was derived from the KRLS-QoL items one to 11 and was deemed to represent the impact on QoL due to these questionnaire components. The overall QoL impairment by RLS assessed by the item 12 was considered apart, as a global evaluation resulting from a judgment related with the items included plus other aspects not included in the questionnaire. Furthermore, the addition of the global evaluation to the summary score resultant from the other items would be partially redundant.
Methods

Terminology
Health-related quality of life is a patient-reported outcome frequently applied for monitoring the (HRQoL) effect of interventions in clinical trials and the impact of health status disorders on physical, mental, and social domains, a multidimensional perspective derived from the World Health Organization definition of health [3, 4] .
The term "quality of life" (QoL) is a wider construct than "healthrelated quality of life" health being only one of its determinants, but in the clinical setting both terms are used indistinctly. We will refer hereafter to health-related quality of life as QoL, understood as "the perception and evaluation by patients themselves of the impact that the disease and its consequences have on their life" [5] . HRQoL is usually assessed by means of questionnaires (QoL scales or measures) that may be generic, both for evaluating the most important health domains in general population or any condition, and specific for populations which assess specific areas of interest for certain illnesses, populations or symptoms.
Patients
The sample for the present study comes from four multicenter, double-blind, randomized active or placebo-controlled clinical trials [6] [7] [8] [9] [10] [11] and has been previously described [12] . In summary, the inclusion criteria for these studies were: both gender patients, aged 18 to 75 (cabergoline trials: CALDIR, CABAS-0067-031: CT.gov Identifier: NCT00625547; CATOR, CABAS-0067-033: CT. [13] . Severity of symptoms had to be at least moderate (IRLS total score at baseline ≥10 for cabergoline trials; ≥15 for lisuride trials), and a "severity at night" score of ≥4 (cabergoline trials) in the RLS-6 rating scale. Patients were either denovo or unsatisfied with previous RLS therapy.
Exclusion criteria were: 1) Secondary RLS, iron deficiency, or other clinically relevant concomitant diseases, relevant findings in ancillary tests, and skin disorders on application area (lisuride patch trials) [8, 9] . Uremic RLS patients were allowed in the lisuride studies and there were seven such patients. 2) Established or suspected hypersensitivity to the tested drug or non-response intolerability to previous cabergoline or L-dopa therapy (CBG) [6, 7] . 3) Concomitant use of drugs with a probable influence on RLS or sleep structure were not permitted and had to be discontinued at the start of the washout period one week before baseline. 4) Previous treatment with cabergoline [6] or discontinuation of the drug in less than two months prior to screening [7] . Women of child-bearing potential had to use a reliable method of contraception. Patients were recruited in outpatient unit of neurological hospitals or in private neurological sleep laboratories.
Ethical issues
All four studies were approved by the corresponding Ethics Committees and patients signed their informed consent before inclusion in the study.
Assessments
In addition to the KRLS-QoL the following assessments were applied: International Restless Legs Scale (IRLS), version for clinical trials [14] , Restless Legs Syndrome-6 scales(RLS-6) [12] , Epworth Sleepiness Scale (ESS) [15] , and Clinical Global Impression of Severity (CGIS) [16] .
The RLS-6 includes six items, each one scoring on a 0-10 scale from 0 (no symptoms) to 10 (very severe). In addition to questions about satisfaction with sleep and sleepiness, the scales rate the severity of RLS for the past week under different circumstances and times of day: during the night, during the day while sitting or lying, and during the day when moving around. The RLS-6 scale was not designed to calculate a total score, but to assess the following specific domains: 1) Sleep quality (items 1 and 6); 2) RLS at Nighttime (items 2 and 3); 3) Daytime RLS manifestations during relaxation (item 4); 4) RLS during activity (item 5) which really is a control question to differentiate RLS from other disorders.
The IRLS consists of 10 questions rated from 0 to 4. In addition to the total score, two sub-scores can be obtained: severity and life impact [17] . The scale is applied under conditions of a face-toface interview with the patient where clarifications regarding the questions can be made to the patient, but the scale can also be selfcompleted. It is the most extensively used of the RLS severity scales in research studies of all types. It has excellent clinimetric properties and is used as the benchmark outcome measure for treatment trials in RLS [18] .
The ESS and CGIS are generic scales. The ESS is a 8-item scale to assess excessive daytime somnolence and the CGIS provides a clinician-based subjective score of severity from 0 (not assessed) to 7 (among the most extremely ill patients).
Data analysis
A database for the present study was created from the previously mentioned studies [6] [7] [8] [9] [10] [11] and submitted to the National Center of Epidemiology (ISCIII, Madrid, Spain). Descriptive statistics (central tendency and dispersion, proportions) were applied to the variables in the study to characterize the sample.
Main variables in the study did not get a normal distribution (graph plot, Shapiro-Francia test); therefore, non-parametric statistics were used. In addition to the perceived global impact (item 12), a RLS-related quality of life index based on the scale components was derived as arithmetic mean of the item 1 to 11 scores (KRLS-QoL Index). The following clinimetric attributes were determined and tested against the corresponding standard values:
Acceptability: Percentage of missing data (standard <10%) [19] ; mean and median closeness; range of scores; skewness (between −1 and +1) [20] ; and floor and ceiling effect (<15%) [21] .
Scaling assumptions were explored to determine the appropriateness of summing up the KRLS-QoL items 1 to 11. To this purpose, the range of means, standard errors of the mean, variances, and CI95% distribution, that must be roughly equivalent, were determined [22, 23] .
Dimensionality: It was explored by factor analysis, principal component factor. The number of factors was chosen according to the Kaiser criterion (eigenvalue >1) and scree plot inspection. Bartlett sphericity index for suitability of the analysis (P < 0.05) and KaiserMeyer-Olkin for sampling adequacy (>0.60) were considered [24] . The final number of advised dimensions was explored by Parallel factor analysis using Unweighted least squares and Exploratory maximum likelihood methods [25] .
Internal consistency: Cronbach's alpha index, as reliability index (standard, >0.70) [26] ; item-total corrected correlation (standard, r ≥ 0.30) [19] ; and item homogeneity coefficient (standard >0.40) [27] were determined for items 1 to 11.
Test-retest: A group of 78 patients were considered "stable" during a homogeneous follow-up period of 90 ± 7 days. The stability was determined by a change lower than ±3 points in the IRLS total score. This limit value was derived from two thresholds indicative of a real change: ½ standard deviation at baseline = 3.17 [28, 29] and the standard error of the difference baseline-followup = 3.27 [30] . Weighted kappa with quadratic weighs for items and intraclass correlation coefficient (ICC, one-way, individual) for the KRLS-QoL Index were applied. The standard error of measurement, based on the baseline standard deviation and the ICC of the KRLS-QoL Index, was calculated [31, 32] .
Hypotheses testing: An a priori close association (r ≥ 0.50) was expected between the KRLS-QoL and total scores of measures for RLS severity and impact, whereas moderate (r = 0.35-0.50) or low correlations (r < 0.35) were expected with other variables in the study. Internal validity between KRLS-QoL domains would be considered satisfactory with correlation coefficient values 0.30-0.70 [19, 20] and a high correlation was hypothesized between the overall QoL evaluation (KRLS-QoL Item 12) and the KRLS-QoL Index. Knowngroups validity was determined for severity categories of RLS based on the IRLS scores, CGIS, and duration of the RLS. For the continuous variables, grouping was carried out according to median and interquartile range. A significant increase of the RLS-6 scores was expected with increasing RLS severity, whereas the difference for duration categories could be non-significant. Kruskal-Wallis test with Bonferoni correction was applied for comparisons.
Responsiveness: It was defined as the ability of the RLS-6 to detect a change. To this purpose, the analysis was carried out on data from those patients who participated in the placebocontrolled lisuride clinical trials [8] [9] [10] [11] and were followed-up for a similar period (mean, 90 days; SD, 3.9; range: 83-97). This sample was composed of 82 patients in the placebo arm and 179 in the lisuride branch. Patients in the cabergoline trials [6, 7] could not be included as their follow-up was too variable to the purpose of the analysis (mean, 140.5 days; SD, 81.1; range 7-231). For the analysed patients, no statistical differences between arms were found for age, gender, age at onset, and RLS duration at baseline. The following responsiveness parameters were determined: Relative change [33] , Wilcoxon and Mann-Whitney tests (for intraand inter-groups comparisons), effect size, standardized response mean,and correlation of change between KRLS-QoL index and item 12 with change in RLS severity measures (IRLS, RLS-6, CGIS) were calculated [34, 35] .
Analysis were carried out with Stata 13 (Stata Corp.,4905 Lakeway Drive College Station, Texas 77845 USA) and Factor 9.2 (Univ. Rovira I Virgili, Tarragona, Spain).
Results
Eight hundred ninety-three patients, mean (±SD) age 58. In the KRLS-QoL there were 1 or 2 missing data in items 5 to 12 in 9 cases and 29 in the item 7, with 861 patients (96.42%) providing fully completed questionnaires. Imputation by the individual's mean [36] was carried out if the proportion of missing data was ≤25%. Two patients were excluded because they had more than 30% of empty boxes. Therefore, the final sample for the KRLS-QoL validation analysis was 891 patients (99.78%). Table 1S Both the KRLS-QoL Index and Domain 5 (Item 12) reached moderate or high correlations with the IRLS total scores and subscores of severity, moderate or low with the components of the RLS-6 and CGIS, and weak to negligible with other variables in the study (Table 3S , Supplementary material). The correlation coefficient values were lower for the Item 12, except for the variables related with age (age at study, age at onset) (Table 3S , Supplementary material). The correlation among KRLS-QoL domains was 0.42-0.74 and between KRLS-QoL Index and Item 12 was 0.74.
In regard to the known-groups validity, the KRLS-QoL Index and Item 12 significantly increased their scores with increasing RLS severity levels based on the IRLS and CGIS scores, but no with duration of the disorder (Table 3) .
Concerning the responsiveness parameters (Table 4) , both KRLSQoL Index and Item 12 performed similarly, the latter showing a trend to reach slightly higher values for most of the parameters than the KRLS-QoL Index, except for correlations of change. Although a significant placebo effect was present in this study, the responsiveness data clearly indicated a higher effect for the group in active treatment.
Discussion
The present study follows the development and initial testing of the KRLS-QoL, a specific instrument for QoL assessment in RLS [1, 2, 37] . A wide sample of patients with moderate RLS symptoms on average were evaluated with the tested questionnaire and additional recognized measures for RLS.
The results of the present study support the use of the KRLSQoL as an acceptable, reliable, valid, and responsive instrument for assessment of the QoL deterioration caused by the RLS and the results of the psychometric properties that were explored in the early validation study [2] were overwhelmingly confirmed in this new analysis.
Missing data were <4% and allowed imputation for obtaining a final full computable sample of 891 patients (99.78%). The item with more missing scores was item 7, related with side effects of medication for RLS. There are several explanations for this finding, such as uncertainty to choose a response by those patients without treatment or to identify some symptoms as side effects, etc. A proposal for decreasing this problem could be to indicate that patients without treatment should mark "0". Nonetheless, data quality could be considered excellent.
Variance, standard error of the mean, and confidence interval 95% provided relatively near values among items 1 to 11 in the scale, giving support for obtaining an Index representative of the RLSrelated quality of life on the basis of those components. In healthrelated quality of life measures with several dimensions, summary indexes have proved to be helpful reducing profile data to a figure representative of the impact by the disorder [38] [39] [40] . Such summary score is not equivalent to the single-item overall quality of life appraisal, a direct judgment including those aspects considered into the profile plus others [41] [42] [43] . The KRLS-QoL domains and Index showed acceptability results into the range of standard values, with close median to mean values, absence of significant floor or ceiling effects, and items covering the full range of potential scores without skewness (except a marginal skewness for item 7). In summary, the parameters referred to KRLS-QoL acceptability are deemed satisfactory.
As in the early validation report [2] , two factors (with similar composition) and almost equivalent explained variance (56.67% vs. 56.85%) were found, although the Parallel analysis showed that the scale can be considered unidimensional and, therefore, with all items grouped around a single construct, namely QoL. Cronbach's alpha value was also almost equivalent to the previous study (0.89 vs. 0.88), and indicative of a satisfactory internal consistency. Other parameters of reliability, including item-total correlation and homogeneity index resulted over the adequacy threshold for these scale properties. The stability of KRLS-QoL scores was moderate to substantial for the items and acceptable for the Index. It is relevant to emphasize that the considered re-test was performed three months after the first application, a long period in comparison with the usual two to four weeks span. This fact probably has allowed some bias (for example, regression to the mean, variation in the reaction, etc.) that decreased the reproducibility of the scores.
Concerning the convergent validity of the scale, high correlations were found between KRLS-QoL index and Item 12 and the IRLS (total and impact scales, mainly) and RLS-6 Sleep quality domain. The correlation between other KRLS-QoL components and these scales and CGIS ranged from weak to strong (Table S3 , Supplementary material). Again, the most relevant results were almost coincident with the previous validation study [2] and, a as whole, performed as hypothesized. To be highlighted of note, a weak to negligible association was found with age, duration of RLS, and ESS.
The internal validity (inter-domains correlations) was into the standard values and the correlation between KRLS-QoL index and global QoL evaluation (Domain 5. Item 12) was 0.74, demonstrating close association but no equivalence of both estimations [41] [42] [43] , a fact observed in similar circumstances with measures for other constructs [44] [45] [46] . Therefore, the RLS-QoL allows one to assess the impact on QoL of several RLS specific aspects as well as a global appraisal directly estimated by the patient.
Known-groups validity analysis, as expected, showed significant higher impact on the QoL for increasing levels of severity according the IRLS and CGIS (Table 3 ). The association between RLS duration categories and RLS-QoL scores was lower, reaching nonsignificant values for the Domain 5. Item 12.
A remarkable placebo effect has been previously observed in RLS studies, both with the IRLS and RLS-6 in this series [12] and also is found with the KRLS-QoL. Nonetheless, the responsiveness parameters of this scale showed a considerable decrease in scores, relative change, significant change between baseline and followup evaluations (both intra-e inter-groups), for placebo and lisuride groups, with higher magnitudes for the latter. Effect size and standardized response mean resulted large for lisuride and moderate, as a whole, for placebo. The correlations of change were high with the IRLS for both groups and moderate to high with RLS-6 Sleep quality and Nighttime manifestations (Table 4) , and constantly higher for the lisuride group. Differences between values with KRLS-QoL Index and Domain 5. Item 12 were marginal. Therefore, KRLS-QoL is deemed a responsive measure with two useful summary figures.
A relevant limitation of the study is related to the origin of the data, as patients were selected for clinical trials and the study was not designed for validation of a health measure. Nonetheless, the sample size, the high quality of the data and the implementation of a therapeutic intervention that allowed testing the questionnaire responsiveness provide strength to the findings.
The KRLS-QoL is one of the three questionnaires for measuring the impact of RLS on the patients QoL identified by the Movement Disorder Society Task Force (MDS-TF) that carried out a systematic review of this kind of instruments [37] . The Abetz RLS-QoL is a 18-item questionnaire providing four-week time frame assessment. A summary score derived of 10 of the 18 items is obtained with the other items, some scored as continuous and others as categorical variables, being excluded of this score by different reasons [47] . It has shown excellent attributes (acceptability, reliability, and responsiveness) and met the MDS-TF criteria to be "Recommended" as a valid instrument for assessment of QoL in RLS. The Restless Legs Syndrome Quality of Life Instrument (RLS-QLI) is a 17-item questionnaire with four scales identified through factor analysis: Daily Function, Social Function, Sleep Quality, and Emotional WellBeing [48] . It evaluates the RLS impact on the past 30 days and although the tested clinimetric properties resulted satisfactory, there was not information about the responsiveness and a diagnosis of true RLS in the subjects participating in the validation study could not be assured. Therefore, the RLS-QLI was qualified "Suggested" by the MDS-TF. The KRLS-QoL was classified as suggested on the basis of preliminary data of validity [2] , but there were not data on stability and responsiveness reaching a recommendation of "Suggested" [37] . The present study completes this gap and would allocate this questionnaire as a valid, "Recommended" alternative measure for assessment of QoL in RLS. Overall the Abetz RLS-QOL, the RLS-QLI and the KRLS-QOL have comparable psychometric properties and are good measures of RLS QOL under baseline conditions as can be seen by a comparison of all three scales in Table 5 . However, only the Abetz-QOL and the KRLS-QOL have been shown to be responsive to change under therapeutic conditions (Table 5 ).
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